
Guy Chouinard, M.D. The Search for New
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Antidepressant, Antianxiety,
Antipsychotic and

Anticonvulsant Drugs
Most drugs are prescribed for several illnesses, but it took several years for psychotropic drugs to have multiple clinical

indications. Our search for serotonergic drugs in affective illnesses and related disorders led to new off-label indications

for fluoxetine, sertraline, tryptophan, clonazepam, alprazolam, tomoxetine, buproprion, duloxetine, risperidone and

gabapentin. Various clinical trial designs were used for these proof-of-concept studies. Novel therapeutic uses of benzo-

diazepines, such as in panic disorder and mania, were found with the introduction of 2 high-potency benzodiazepines,

clonazepam and alprazolam, which were thought to have serotonergic properties. Our initial clinical trials of fluoxetine

and sertraline led to their approved indications in the treatment of obsessive-compulsive disorder, and our trials of

gabapentin led to new indications in anxiety disorders (generalized anxiety, panic attack and social phobia) and sleep

disorders (insomnia).

(Reprinted with permission from Journal of Psychiatry and Neuroscience 2006; 31(3):168–76)

INTRODUCTION

This is the first of 2 papers in which I review
aspects of the research that contributed to my re-
ceiving the 2004 Heinz Lehmann award. This pa-
per describes the clinical trials that led to new off-
label indications for psychotropic drugs. The second
paper describes the clinical studies carried out to
define and differentiate drug-induced movement
disorder (DIMD) from psychiatric symptoms (1).

For the last 30 years, my research has focused on
the role of serotonin and dopamine in the pharma-
cotherapy of psychiatric disorders. My interest in
serotonin originated from the tryptophan research
carried out by Simon Young and Ted Sourkes (2),
whereas my interest in dopamine came from its role
in movement disorders induced by antipsychotic
drugs. In the early 1970s, affective disorders were
thought to be associated with a decrease in func-
tional brain serotonin, whereas schizophrenia and
related psychoses and movement disorders were as-
sociated with dopamine dysfunction. In affective

disorders, clinical trials of tryptophan, given as a
biogenic amine precursor of brain serotonin, had
been inconclusive. Young and Sourkes suggested
that the uncertain effect of tryptophan as an anti-
depressant was related to its high rate of catabolism
by tryptophan pyrrolase in the liver and recom-
mended the use of nicotinamide to reduce its break-
down in the liver (2). While we were investigating
tryptophan given with nicotinamide to test its antide-
pressant effect as a biogenic amine precursor of brain
serotonin (3), we thought of drugs that could have
a more direct effect on brain serotonin through
their effects on serotonin receptors, thus looking at
an alternative pharmacological approach to giving a
biogenic amine precursor such as tryptophan or
levodopa. One of these drugs was alprazolam (4, 5),
an atypical benzodiazepine, and another was clon-
azepam (6, 7), an anticonvulsant with serotonergic
effects. This was when other anticonvulsants, such
as carbamazepine (8, 9) and valproic acid (10), were
starting to be studied in bipolar disorder.

We then studied a third group of serotonergic
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drugs, the selective serotonin reuptake inhibitors
(SSRIs), which act differently from the precursor,
tryptophan, and not through a direct effect on the
serotonin receptor as is the case for clonazepam. We
started with fluoxetine given first in depression (11)
and then in obsessive—compulsive disorder
(OCD) (12), as well as sertraline in both depression
(13) and OCD (14). Finally, we conducted early
clinical studies of a fourth group of serotonergic
drugs, antipsychotics with potent serotonergic an-
tagonist properties, first clozapine15 and then ris-
peridone (16), when looking for antipsychotics to
prevent DIMD through their antiserotonin effects.

NEW INDICATIONS FOR
PSYCHOTROPIC DRUGS

ALPRAZOLAM IN PANIC DISORDER

Our search for serotonergic drugs led us to study
alprazolam, an atypical benzodiazepine, in panic
disorder (4, 5), a disorder treated like a major de-
pression but officially classified as anxiety neurosis
at the time. On Oct. 20, 1976, we initiated the first
clinical trial of alprazolam in panic disorder, which
we considered to be a serotonin disorder like de-
pression, and found the drug to be efficacious not
only for anticipatory anxiety but also to block panic
attacks. Before this study of high-potency benzodi-
azepines, treatment of patients with panic disorder
was limited to tricyclic antidepressants (TCAs) (17)
and monoamine oxidase inhibitors (MAOIs), and
benzodiazepines were thought to have an effect lim-
ited to anticipatory anxiety.

In this proof-of-concept study of alprazolam, we
used a design that included patients who met crite-
ria for anxiety neurosis according to the Diagnostic
and statistical manual of mental disorders, second
edition (DSM-II) (18), but who also met the Re-
search Diagnostic Criteria (RDC) criteria (19) for
generalized anxiety disorder (GAD) and/or panic
disorder. At the time this study was initiated
(1976), the official distinction between GAD and
panic disorder was not used. In fact, it was because
alprazolam was thought to have a serotonergic ef-
fect that we decided to include patients with panic
disorder. Before initiating the washout period,
most of the patients were treated with unselective
MAOIs, which are known to increase serotonin. In
this 8-week double-blind placebo-controlled study,
50 outpatients with GAD (n � 30) or panic disor-
der (n � 20) were randomly assigned to treatment
with alprazolam or placebo. After the placebo wash-
out period of a week, a flexible-dose drug regimen
was used, and short-term behaviour therapy was

conducted during the last 4 weeks. Symptoms were
assessed using the Hamilton Anxiety Rating Scale
(HAM-A) (20) and the Self-Rating Symptom Scale
(4, 5, 21).

HAM-A total scores, Somatic Anxiety scores and
Psychic Anxiety scores for patients treated with al-
prazolam were significantly decreased compared
with placebo. Anxiety and somatic complaints re-
sponded best to alprazolam treatment. Alprazolam
was significantly superior to placebo for anxious
mood, tension, fears, insomnia, intellectual (cogni-
tive) functioning, depressed mood, somatic symp-
toms, cardiovascular symptoms, respiratory symp-
toms, gastrointestinal symptoms, genitourinary
symptoms and behaviour at interview. Alprazolam
treatment was associated with a rapid response in
patients with GAD and panic disorder, and no sig-
nificant differences were found in the response to
alprazolam between diagnostic groups. In addition,
behaviour therapy was found to have little effect on
outcome compared with alprazolam. The findings
of this clinical trial were then confirmed through
several multicentre clinical trials (22–24), which
led to the first official approval of a drug in the
treatment of panic disorder. Shortly after, while
looking for other serotonergic drugs, we found that
another high-potency benzodiazepine, clonaz-
epam, which is both a serotonin agonist and anti-
convulsant, was as effective as alprazolam in the
treatment of panic disorder (7).

CLONAZEPAM IN MANIA

After our clinical trial of alprazolam in panic dis-
order, while pursuing the search for serotonergic
drugs, we initiated, in collaboration with Young
and Annable (6), the first study of clonazepam in
psychiatric patients on Oct. 28, 1979. At that time,
we had 2 hypotheses for the use of clonazepam. The
first hypothesis was that clonazepam had anticon-
vulsant properties (25), especially for seizure disor-
ders where serotonin might be involved and, sec-
ond, that clonazepam had a serotonin agonist effect
(25, 26). Both properties were thought to be asso-
ciated with antimanic effect (6), because other an-
ticonvulsants were also starting to be given for bi-
polar illness and because mania was associated with
central serotonin dysfunction. Because of the
known sedative effect of clonazepam, we decided to
initiate this proof-of-concept study of clonazepam
with a different study design from that used for our
alprazolam study. We studied the antimanic effects
of clonazepam in a double-blind crossover design
with 9 men and 3 women who had been newly
admitted to hospital from the emergency depart-
ment for acute mania. The treatments compared
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were 10 days of clonazepam therapy at doses of
2–16 mg/d and 10 days of lithium therapy at doses
of 900–2100 mg/d. The results showed that clon-
azepam was significantly more efficacious than lith-
ium on the “motor activity” and “insight” mania
items on the Inpatient Multidimensional Psychiat-
ric Scale (27). Clonazepam was also shown to be
significantly safer with regard to motor side effects,
including parkinsonism.

We concluded that clonazepam was highly seda-
tive and well tolerated at high doses in treating pa-
tients with acute mania. Clonazepam was more ef-
ficacious than lithium in reducing acute manic
symptoms but, more important, as needed doses of
haloperidol were fewer and the number of days on
which it was needed was lower during clonazepam
treatment. By reducing the need for antipsychotic
drugs in the treatment of acute mania, clonazepam
reduces the risk of side effects in these patients (28).
Shortly after, lorazepam, another high-potency
benzodiazepine with anticonvulsant properties,
was found to be efficacious as adjunctive treatment
in mania and agitation (29, 30). Later, the com-
bined use of a benzodiazepine and the antipsy-
chotic haloperidol was established as the most
efficacious treatment of acute agitation in the emer-
gency department (31–38).

CLONAZEPAM IN PANIC DISORDER

Because panic disorder was associated with a se-
rotonin disturbance, we initiated the first clinical
trial of clonazepam in panic disorder (7, 39) owing
to its serotonergic properties. We used an open-
label design that was different from the double-
blind design used in our 2 previous proof-of-con-
cept studies (4, 6). Our results were confirmed later
in several double-blind placebo-controlled studies
(40–42) and led to approval by the US Food and
Drug Administration (FDA) of clonazepam as an
antipanic agent on Dec. 23, 1997.

In this first study carried out in 1983, we treated
12 patients diagnosed with panic disorder accord-
ing to the Diagnostic and statistical manual of mental
disorders, third edition (DSM-III), criteria (7, 39,
43). Ten patients showed marked improvement in
the severity of their anxiety symptoms as measured
by the HAM-A (20) and the Hopkins Symptom
Check List (HSCL-90) (44). These results sug-
gested that clonazepam was as effective as alprazo-
lam in the treatment of panic and, in addition, had
the advantage of leading to less rebound anxiety
upon cessation because of its longer half-life.

Later, we followed 8 patients, of whom 7 were
diagnosed with agoraphobia with panic attacks and
1 with panic disorder, and all of whom were treated

with clonazepam over a 7-week to 16-week period
(45). Of these 8 patients, 5 had been unsuccessfully
treated with diazepam, lorazepam or amitriptyline
or another pharmacological agent. Patients were as-
sessed with the HSCL-90, and all showed signifi-
cantly decreased mean scores for the anxiety dimen-
sion, phobic anxiety dimension and the panic
attack symptoms. Phobic avoidance, anticipatory
anxiety and free-floating anxiety also significantly
improved in all patients. These results prompted
the start of double-blind placebo-controlled trials.

The use of clonazepam in the treatment of panic
disorder was later confirmed by one of our double-
blind placebo-controlled trials, where we found a
significant correlation between clonazepam plasma
concentrations and Clinical Global Impression of
Severity (CGI-S)21 panic disorder scores (46).
CGIS panic disorder scores significantly decreased
with the administration of clonazepam compared
with placebo during a period of 4 weeks. Numerous
randomized placebo-controlled trials (23, 24, 41, 42)
confirmed our initial results and showed that the
high-potency benzodiazepines, such as alprazolam
and clonazepam, are efficacious in the short-term
treatment of panic disorder. These trials led to FDA
approval of both alprazolam and clonazepam in
panic disorder. Furthermore, benzodiazepines were
shown to be efficacious in the long-term manage-
ment of panic disorder at low doses (47, 48).

REBOUND ANXIETY, SUPERSENSITIVITY PSYCHOSIS
AND NEW INDICATIONS FOR BENZODIAZEPINES

As investigation of benzodiazepines continued,
new concepts emerged in benzodiazepine therapy,
such as classification of the effects of benzodiaz-
epine withdrawal and new indications for the more
potent benzodiazepines. In 1986, we proposed a
new classification of phenomena associated with
drug discontinuation and differentiated between
relapse, withdrawal syndrome, supersensitivity psy-
chosis and rebound anxiety (49). We defined a re-
lapse as a return of the original disorder, whereas a
withdrawal syndrome is the appearance of new
symptoms, which can be divided into major and
minor withdrawal symptoms, according to their se-
verity (7, 50). Rebound anxiety is a temporary re-
turn of symptoms present at a greater intensity than
in the original illness. The phenomenon of rebound
anxiety became more prevalent as benzodiazepines
with short half-lives were introduced and made
withdrawing medication more difficult. In 4 of our
placebo-controlled studies with anxious patients
who met DSM-III criteria, we investigated this
phenomenon by looking at the effects of withdraw-
ing benzodiazepines that had different half-lives
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(51). We defined rebound anxiety as an increase of
10% or more above untreated baseline levels in to-
tal scores for both HAM-A20 and the Self-Rating
Symptom Scale (21). We found that the prevalence
of rebound anxiety with benzodiazepines was
higher with abrupt medication withdrawal and, in
addition, with benzodiazepines that have short-to-
intermediate half-lives and no potentially active
metabolites (50). The length of earlier treatment
with benzodiazepines had no effect on the appear-
ance of rebound anxiety.

We also described another withdrawal syndrome
that we labelled supersensitivity psychosis (52–54),
which manifests itself after the long-term use of
neuroleptics and antipsychotics. After decrease or
discontinuation of a neuroleptic, there can be a sud-
den relapse with both new and rebound symptoms
associated with supersensitivity of dopamine recep-
tors, potentially accompanied by a development of
central nervous system tolerance to the antipsychotic
effect of neuroleptics. The re-establishment of the
neuroleptic dosage shows a rapid improvement in
supersensitivity psychosis. Although the rebound
phenomena are similar to symptoms seen with this
supersensitivity phenomenon, they have different
pharmacological mechanisms and outcomes.

Benzodiazepines were classified by low, medium
and high potency, because different therapeutic in-
dications required benzodiazepines of different po-
tencies (51). High-potency benzodiazepines, such
as alprazolam, clonazepam and bromazepam, were
associated with a greater anxiolytic effect than the
classic benzodiazepines. As discussed above, new
psychiatric indications for these high-potency ben-
zodiazepines were discovered for the treatment of
panic disorder and mania. The advancement in
anxiety disorder conceptualization and treatment
coincided with the new DSM-III classification in
the early 1980s of anxiety disorders into 3 main
categories: GAD, panic disorder and OCD.

LITHIUM–TRYPTOPHAN IN AFFECTIVE DISORDERS

The involvement of serotonin in affective disor-
ders led us to investigate tryptophan, a biogenic amine
precursor of serotonin, and the lithium–tryptophan
combination. We conducted 7 clinical trials of the use
of tryptophan in affective illness, first as an antidepres-
sant (55–57), an antimanic (57, 58) and, finally, as a
mood stabilizer (58, 59) when administered in com-
bination with lithium. We completed a randomized
crossover 1-year study in treatment-resistant patients
(n � 100) using the lithium–tryptophan combina-
tion (60), which led to the approval in Canada of a
unique indication for tryptophan as an adjunctive
medication to lithium. Unfortunately, the drug was

withdrawn from the US market following reports
of eosinophilia–myalgia syndrome occurring in the
United States (61, 62). However, no cases of eosi-
nophilia–myalgia, or even significant increases in
eosinophilia count, were found during all our clin-
ical trials with tryptophan (4, 55–60) in Canada
(unpublished observations).

TOMOXETINE IN MAJOR DEPRESSION AND
ATTENTION-DEFICIT HYPERACTIVITY DISORDER

On Mar. 1, 1983, we undertook the first proof-
of-concept study of tomoxetine in major depres-
sion, because it was a selective inhibitor of the up-
take of noradrenaline with little affinity for
adrenergic receptors (63). This 12-week open-label
study included 10 newly admitted depressed pa-
tients diagnosed with recurrent unipolar major de-
pressive disorder according to DSM-III criteria,
who all had a score of at least 20 on the Hamilton
Rating Scale for depression (HAM-D) (64). After a
1-week placebo washout period, patients received
tomoxetine for an initial 6 weeks and then for an
additional 6 weeks for follow-up (65). An initial
dose of 40 mg/d was increased if necessary by 10-
mg/d increments at a minimum interval of 3 days
to a maximum of 70 mg/d. The results showed a
significant reduction in mean total HAM-D scores,
as well as significant improvement on the CGI-S. In
addition to the antidepressant effect of tomoxetine,
we observed that all patients complained at one
time of sleeping difficulty during treatment. We
hypothesized that the potentiating effect of tomox-
etine on noradrenergic function could explain the
side effects reported such as insomnia, agitation or
hyperactivity, and palpitations or feelings of in-
creased heart rate. Later, the group at Massachu-
setts General Hospital, Boston, was the first to re-
port the beneficial effects of tomoxetine in the
treatment of attention-deficit hyperactivity disor-
der (ADHD) in a double-blind, placebo-con-
trolled, crossover study with adult patients (n � 22)
(66). Tomoxetine was found to be effective in the
treatment of ADHD and was well tolerated at an
average dose of 76 mg/d. The average improvement
rate of ADHD symptoms with tomoxetine was
similar to that obtained in trials with methylpheni-
date, and atomoxetine was later approved by the
FDA in 2002 as the first nonstimulant for the treat-
ment of ADHD.

DULOXETINE IN MAJOR DEPRESSION AND
NEUROPATHIC PAIN

After the second generation of antidepressants,
including the SSRIs and bupropion, the selective
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serotonin–noradrenaline reuptake inhibitors
(SNRIs) emerged as a new class of effective antide-
pressants (67). Duloxetine is an SNRI and inhibits
the reuptake of noradrenaline, serotonin and dopa-
mine, although it is a 3- to 4-fold more potent
inhibitor of serotonin. We initiated a proof-of-con-
cept study using a multicentre double-blind place-
bo-controlled and active comparator–controlled
trial (n � 600, total; n � 44, Allan Memorial In-
stitute; n � 150, Canada) of duloxetine in outpa-
tients with major depression and included our first
patient on Jan. 14, 1994. We used an original drug
design with 3 phases, an acute therapy phase, an
extension phase for responders and a de-escalation
phase for 2 weeks. After a 1-week placebo washout
period, patients were randomly assigned to placebo,
clomipramine, which was the control drug, or 1 of
3 fixed doses of duloxetine (5 mg, 10 mg or 20 mg)
for 8 weeks. Patients whose condition improved
from baseline were allowed to continue in the dou-
ble-blind extension phase of 44 weeks’ duration.
Unfortunately, the investigation of the drug was
interrupted and restarted at a later time. Duloxetine
was shown to be efficacious in the treatment of
depression (67). Interestingly, later studies showed
that duloxetine was efficacious for the treatment of
neuropathic pain associated with diabetic periph-
eral neuropathy (68), and its use in neuropathic
pain was approved by the FDA in 2005.

BUPROPION IN DEPRESSION AND
SMOKING CESSATION

Proof-of-concept studies of bupropion were car-
ried out in 2 multicentre trials comparing bupro-
pion and amitriptyline in depressed patients (69)
and showed bupropion to be efficacious in the
treatment of depression. This proof-of-concept
study remains of interest, because the mechanism
of action of bupropion as an antidepressant remains
largely unknown and because it differs from stan-
dard antidepressants in that it has little effect on
noradrenaline or serotonin reuptake and does not
block muscarinic, histaminic or a-adrenergic recep-
tors. However, it inhibits the neuronal reuptake of
dopamine to some extent (69). In addition, we
found that it did not induce orthostatic hypoten-
sion as TCAs did (70). In the first multicentre
study, we included 124 outpatients with depression
who were randomly assigned to receive bupropion
or amitriptyline for 13 weeks, preceded by a 1-week
washout period and followed by a 1-week with-
drawal period. Patients were included if they met
the FDA Guidelines for the Clinical Evaluation of
Antidepressant Drugs (71) and had a total score on
the HAM-D of at least 18 at screening. Bupropion

was given on an equally divided (3 times a day)
regimen, first at 300 mg/d, and then the dose was
increased to 450 mg/d during the second week. In
the second study, we included 92 inpatients with
depression, using the same criteria, and compared
bupropion and amitriptyline treatment for a
6-week period. The dosage of bupropion was also
increased from 300 mg/d to 450 mg/d and then
further increased to a maximum of 750 mg/d.

Initial results from both these studies showed
that bupropion was as effective as amitriptyline in
the treatment of depression. Both treatment groups
had more than 50% improvement on HAM-D to-
tal scores, and improvement was also seen on the
CGI-S. Bupropion did have a slightly lower overall
therapeutic effect during the first 4 weeks of treat-
ment; however, it was not significant. There were
mild dopaminergic side effects in patients treated
with bupropion, but amitriptyline induced more
weight gain and had more anticholinergic, antihis-
taminic and antiadrenergic side effects. These re-
sults supported the use of bupropion as an antide-
pressant. It is worth noting that we used a similar
drug design as in our proof-of-concept study of
fluoxetine in depression. Later, bupropion was
found to have another indication and was approved
by the FDA in May 1997 for smoking cessation
(72). Bupropion is unique as a smoking cessation
drug, because it does not contain nicotine.

ZIMELDINE IN OCD AND NO CROSSOVER
HYPERSENSITIVITY REACTIONS WITH OTHER SSRIS

Serotonin was also thought to be implicated in
the pathophysiology of OCD (73). Patients with
OCD who were treated with clomipramine (74–
77) showed more improvement than patients
treated with other antidepressants. In contrast to
other antidepressants, clomipramine was a more
potent serotonin reuptake inhibitor, although not
selective. With the introduction of the new selec-
tive SSRIs, Kahn and collaborators conducted the
first clinical trial of zimeldine in the treatment of
OCD (78).

In order to further investigate the role of seroto-
nin in OCD, we conducted a 6-week proof-of-con-
cept study of zimeldine (79). The patients (n � 9)
who were treated with zimeldine met OCD criteria
according to DSM-III and had a score on a modi-
fied HAM-A of at least 35 (each item rated on
7-point scale instead of 5-point scale). In addition,
the patients had all been treated with antianxiety
and/or antidepressant drugs for at least 1 week be-
fore the beginning of the study, and the duration of
their present episode of OCD was 3–276 months.
Two patients could not be included because of
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withdrawal of the drug from clinical investigation.
After a 1-week placebo washout period, the dose of
zimeldine given was started at 100 mg/d and in-
creased to a maximum of 500 mg/d. The results
showed a significant reduction in the mean total
score for the obsessive–compulsive subscale of the
Comprehensive Psychopathological Rating Scale
(CPRS-OC) (80). Significant improvement was
also seen on the CGI-S and the HAM-A scales.
These results supported the use of the new class of
serotonergic antidepressants in the treatment of
OCD.

Zimeldine was removed from use as an antide-
pressant due to hypersensitivity reactions, which
could be followed by Guillain–Barré syndrome (81,
82). In 1984, we reported a case of a patient with
depression who developed a hypersensitivity reac-
tion to zimeldine with joint pain, chills and head-
ache (83). One week after discontinuation of zimel-
dine, she was treated with fluoxetine and continued
treatment for 4 months without any hypersensitiv-
ity reactions. This case report was important in the
further development of SSRIs, because it showed
that there was no crossover of the hypersensitivity
reaction between fluoxetine and zimeldine. This
established that the mechanism giving rise to the
reaction was specific to zimeldine and, therefore,
could not be the common mechanism of the SSRIs
of serotonergic reuptake blocking (83).

FLUOXETINE IN MAJOR DEPRESSION AND OCD
Pursuing our search for serotonergic drugs and

looking at the third group of drugs that act through
inhibition of reuptake of serotonin, on Feb. 11,
1981, we initiated the first proof-of-concept study
of the new SSRI, fluoxetine, in the treatment of
major depression (11) Fifty-one patients were ran-
domly assigned to receive fluoxetine or amitripty-
line for 5 weeks. The patients included in the study
met the RDC criteria for major depressive disorder,
had a HAM-D score of at least 20 and had a Raskin
Depression Scale score (21) that exceeded the Covi
Anxiety Scale score (21). After a 1-week placebo
washout period, the dosage of fluoxetine was
started at 20 mg/d and then increased to 40 mg and
subsequently to 80 mg if well tolerated. Patients
were evaluated with HAM-D, Raskin and Covi
scales and CGI–S, and the results obtained with
fluoxetine were comparable with those obtained
with amitriptyline. Furthermore, patients treated
with fluoxetine had a significantly better Efficacy
Index–Side Effects rating (21) and also had fewer
anticholinergic autonomic side effects than experi-
enced by amitriptyline-treated patients. Later, we
carried out several studies of the drug, and we ini-

tiated the final study that led to its approval as an
antidepressant by the FDA in 1988 after ruling out
its potential to cause phospholipidosis in humans
(84).

Following our clinical trial with zimeldine (79),
in order to further investigate the involvement of
serotonin in OCD, we decided to examine the ef-
fects of fluoxetine. In 1983, we initiated the first
proof-of-concept study of fluoxetine in the treat-
ment of patients diagnosed with OCD according to
DSM-III criteria (12, 85, 86). This was a 9-week
open-label study with 7 patients who received 8
weeks of fluoxetine treatment after a 1-week pla-
cebo washout period. All the patients had been
treated before this study with antidepressant and/or
antianxiety drugs for at least 1 week, and their treat-
ments had provided some relief of symptoms but
were considered unsatisfactory. To be included in
this study, patients had to have a score of at least 10
on the CPRS-OC (80). None of the patients in-
cluded had diagnoses of dysthymic disorder. An
initial dose of 40 mg/d was given, and the dose was
increased to 60 mg on day 4 and then to 80 mg on
day 7. Improvement was seen in 5 of the 7 patients,
with significant reduction in the mean total score
on the CPRS-OC and significant improvement on
the total scores of the CGI-S, HAM-D (64) and
HAM-A (20).

These results were similar to those that had been
found with clomipramine and zimeldine. How-
ever, 6 of the 7 patients had been treated with clo-
mipramine before entering the fluoxetine study,
and all had experienced significant adverse effects
that interfered with their daily lives, in contrast to
the better tolerability seen with fluoxetine. Zimel-
dine had previously had the same beneficial effect as
fluoxetine on 5 of these patients and also without
the impairing adverse effects seen with clomipra-
mine. Fluoxetine had the same efficacy as clomipra-
mine, but with few adverse effects because it has
little effect on the noradrenergic system. We con-
cluded that as fluoxetine has a greater specificity, it
was preferable to use it in the treatment of OCD
compared with clomipramine. Interestingly, the
use of fluoxetine was also associated with fewer
withdrawal symptoms on cessation than other
SSRIs used at that time.

Later, we undertook a long-term study of fluox-
etine in the maintenance treatment of OCD in 50
patients with treatment-resistant OCD (87) These
patients had a diagnosis of OCD according to
DSM-III, a score of at least 8 on the CPRS-OC
(80) and showed resistance to conventional thera-
pies or could not tolerate clomipramine, TCAs or
MAOIs. Fluoxetine was given at a mean dose of 78
mg/d for at least 12 months. After this 1-year treat-
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ment period, 43 patients (86%) had responded to
the fluoxetine treatment, as was seen by a decrease
in the CPRS-OC score and CGI-S. Thirty-five pa-
tients who responded well during the treatment
phase were then followed for at least an additional
12 months after discontinuation of fluoxetine.
Only 8 of these patients relapsed after discontinu-
ation of fluoxetine, a rate of relapse lower than that
seen with patients treated with clomipramine in
our clinics. The results of this study showed a per-
sistent antiobsessive effect of fluoxetine and led to
further investigation of the drug in OCD and its
later approval as an antiobsessive agent.

SERTRALINE IN OCD
Another drug from the third, SSRI group of se-

rotonergic drugs, sertraline, was investigated in an
early double-blind placebo-controlled trial of ser-
traline in major depression (13). During this clini-
cal trial, we reported a case of hypomania induced
by sertraline (88). Because we had evidence that the
2 SSRIs fluoxetine and zimeldine had beneficial ef-
fects in OCD, very likely through their serotonin
reuptake inhibition, we initiated the first proof-of-
concept study of sertraline in OCD, using a dou-
ble-blind multicentre clinical approach (14).

This double-blind placebo-controlled study with
6 different study sites included 87 patients with a
DSM-III diagnosis of OCD, without depression
(14). Patients were randomly assigned to sertraline
or placebo after a 1-week washout period. Treat-
ment was followed for 8 weeks, with the first 2
weeks being a titration period during which the
once-daily dose of sertraline was adjusted from 50
mg/d to a maximum dose of 200 mg/d. The ad-
justed dose was maintained until the eighth week,
and sertraline was then tapered off over a period of
2 weeks. Patients were evaluated at baseline by the
Yale-Brown Obsessive–Compulsive Scale (Y-
BOCS) (89), the US National Institute of Mental
Health (NIMH) General Obsessive–Compulsive
Scale,90 the Maudsley Obsessive–Compulsive
(MOC) Inventory (91) and CGI-S. The results
showed that sertraline had a significantly superior
effect on OCD symptoms than placebo. The Y-
BOCS total score, NIMH scores and CGI-S were
significantly superior for patients treated with ser-
traline.

In a second study, we examined the efficacy of 3
dose levels of sertraline compared with placebo in
the treatment of nondepressed adult outpatients
with OCD (92, 93). Patients from 11 sites (n �
325) were followed over a 1-year treatment period
after 1 week of single-blind placebo washout. Pa-
tients were randomly assigned to 12 weeks of dou-

ble-blind treatment with 50-mg, 100-mg or
200-mg fixed doses of sertraline or placebo. Pa-
tients who responded to treatment were offered 40
more weeks of double-blind treatment, continuing
the same dose. The efficacy of the treatments was
evaluated by the Y-BOCS,89 the NIMH Global
Obsessive–Compulsive Scale (90), CGI-S and the
MOC Inventory (91). Significantly greater im-
provement was seen with patients in the sertraline
group compared with placebo-treated patients on
all measures. A significant effect was also found at
end point for all 3 investigator-rated scales with the
50-mg and 200-mg doses of sertraline. These re-
sults confirmed our hypothesis of sertraline’s bene-
ficial effects and its safety in the long-term treat-
ment of patients with OCD. SSRIs showed a
slightly greater efficacy than other antidepressants
and between them had similar efficacies, similar to
that of clomipramine (93). The effect of the SSRIs
in OCD can be explained by a specific inhibition of
serotonin reuptake. The FDA approved sertraline
for the treatment of OCD on Dec. 7, 1999.

RISPERIDONE IN TOURETTE’S SYNDROME

The fourth class of serotonergic drugs that we
investigated were the antipsychotic drugs with an-
tiserotonin properties (15, 16), which we hypothe-
sized could prevent DIMD, including Tourette’s
abnormal movements. Following open-label stud-
ies of risperidone in the treatment of Tourette’s
syndrome (TS) (94, 95), we further investigated the
efficacy and tolerability of risperidone in the treat-
ment of TS by conducting the first double-blind
placebo-controlled, dose-ranging clinical trial (96).
Forty-eight adolescent and adult patients with TS
according to the Diagnostic and statistical manual of
mental disorders, third edition, revised (DSM-
III-R) (97) criteria, and with a Global Severity Rat-
ing score on the TS Severity Scale (TSSS) of at least
3, were included in the study starting in October
1993. Patients were randomly assigned to doses of
0.5–6.0 mg/d of risperidone or to placebo for 8
weeks. During the first week of treatment, patients
were assigned to fixed doses in increasing incre-
ments and afterwards were assigned to flexible dose
regimens based on clinical response. The results
showed that at a median dose of 2.5 mg/d, risperi-
done was significantly superior to placebo on the
TSSS. We found that 60.8% of patients with ris-
peridone showed an improvement of at least 1
point on this 7-point scale compared with the
26.1% of the placebo group who showed improve-
ment. There was also improvement of global func-
tioning in patients treated with risperidone who
had average to above-average impairment at base-
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line on the Global Assessment of Functioning scale
(97). These results confirmed the findings of the
initial studies by showing the beneficial effect of
risperidone in the treatment of TS. Furthermore,
patients treated with risperidone had mild and in-
frequent extrapyramidal symptoms. Using the Ex-
trapyramidal Symptom Rating Scale (ESRS) (98),
no significant differences were found between the
placebo group and the risperidone group for dys-
tonic reactions, dyskinetic movements, subjective
parkinsonism or akathisia. Hypokinesia and tremor
did increase in the risperidone group; however, the
increase in tremor was found in subjects with
higher baseline tremor scores. The efficacy of ris-
peridone in the treatment of TS was later supported
by additional double-blind studies (99–101).

GABAPENTIN IN ANXIETY AND
INSOMNIA DISORDERS

Finally, the last proof-of-concept study that will
be presented in this article concerns the antiepilep-
tic drug gabapentin, for which the mechanism of
action has not been completely elucidated. In Au-
gust 1994, we initiated the first clinical trial of gaba-
pentin in psychiatric disorders (102). In the mid-
1990s, gabapentin was a new oral antiepileptic
drug, an analogue of the inhibitory neurotransmit-
ter �-aminobutyric acid (GABA). We decided to
investigate its long-term beneficial effects in pa-
tients who needed adjunctive anticonvulsant ther-
apy and/or benzodiazepines and who had a primary
or comorbid anxiety disorder. We included 18 pa-
tients, 15 of whom were treated with gabapentin
for at least 12 months. Ten patients were diagnosed
with schizophrenia, 4 with schizoaffective disorder,
3 with bipolar illness (of these 17 patients, 4 had
comorbid panic disorder, 4 had comorbid alcohol
dependency, 2 had comorbid obsessive–compul-
siveness, 1 had comorbid generalized anxiety and 1
had drug dependency) and 1 patient had general-
ized anxiety with comorbid major depression.
These patients all required concomitant psychiatric
medications such as lithium, antidepressants, anti-
psychotics or other anticonvulsants. The adminis-
tered dosage of gabapentin varied between 200
mg/d and 1800 mg/d. When they started their
treatment with gabapentin, most patients had their
current anticonvulsant drug, valproic acid, discon-
tinued. We observed an improvement in 14 of the
patients regarding somatic complaints, panic, ob-
sessive–compulsive symptoms, psychotic anxiety,
generalized anxiety and insomnia, and these effects
were long lasting. All the patients had improved
sleep and reduced anxiety. We concluded that
when given adjunctively with lithium, antipsychot-

ics, antidepressants or other anticonvulsants, gaba-
pentin reduced anxiety, panic attacks and insomnia
and was an efficient substitute for valproic acid and
benzodiazepines for long-term therapy. Benzodiaz-
epines are thought to act through their own benzo-
diazepine receptor, coupled with the GABA recep-
tor, and we proposed that gabapentin does the same
through its own receptor, also coupled with the
GABA receptor. Gabapentin was also reported to
be efficacious as adjunctive therapy in patients with
a variety of psychiatric disorders (103–105).

Through its unique mechanism of action as an
anticonvulsant, gabapentin was also found in dou-
ble-blind placebo-controlled clinical trials to be ef-
fective in treating panic (106) and social phobia
(107). We proposed a multicentre study examining
the efficacy and safety of gabapentin in panic disor-
der (106). This was an 8-week double-blind place-
bo-controlled study with 103 patients diagnosed
with panic disorder, with or without agoraphobia,
according to the Diagnostic and statistical manual of
mental disorders, fourth edition (DSM-IV), criteria
(108). They also were required to have had at least
1 panic attack per week for the 3 weeks preceding
the screening. After a 1-week placebo washout pe-
riod, patients were randomly assigned to
600–3600 mg/d of gabapentin or to placebo. The
dosage was flexible and increased if symptoms were
still present, and if adverse effects were not limiting.
After 8 weeks, the treatment was tapered off for 1
week. Patients were evaluated with the Panic and
Agoraphobia scale (PAS). No significant differ-
ences were found between the placebo group and
the group receiving gabapentin. However, as the
baseline PAS scores were lower in this study than
those usually reported in the literature, patients
were stratified into 2 groups, one of which included
patients with PAS scores lower than 20 and the
other, patients with PAS scores of 20 or more. In
the group with PAS scores of 20 or more, a signif-
icant decrease in PAS total scores was found in pa-
tients treated with gabapentin compared with pa-
tients treated with placebo. This study also found
that women in this group showed a greater response
than men whether they were treated with gabapen-
tin or placebo. This study showed a relation be-
tween baseline severity of illness and drug response,
because the evaluation of severely ill patients, with
PAS scores of 20 or more at baseline, showed the
greatest improvement. The interest in gabapentin is
further due to its good tolerability and also to its
lack of drug-to-drug interactions, because it does
not undergo liver metabolism.

Gabapentin was found to have other therapeutic
uses in the treatment of neuropathic pain, such as
postherpetic neuralgia (109) and painful diabetic
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neuropathy (110), and in the treatment of migraine
(111). Recently, a derivative of gabapentin, pre-
gabalin, was also found to be efficacious in the treat-
ment of neuropathic pain associated with diabetic
neuropathic pain and postherpetic neuralgia (112)
and was approved by the FDA in 2005.

CONCLUSION

In conclusion, our proof-of-concept studies for
fluoxetine, sertraline, tryptophan, clonazepam, al-
prazolam, tomoxetine, buproprion, duloxetine, ris-
peridone and gabapentin led to new off-label psy-
chiatric indications. This review also illustrates how
psychotropic drugs could have other medical indi-
cations approved as new clinical effects are discov-
ered.
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